In higher multicellular organisms, cell-type-specific nuclear machinery has an uncanny ability to direct precise patterns of gene expression through the recognition of arrays of ciselements specified by primary DNA sequence lying in the context of higher-order chromatin structure. Computationally, however, we have little ability to identify cis-regulatory regions from primary sequence and even less ability to predict cellular compartments into which expression is specified. Improved ability to do so will advance our understanding of eukaryotic gene regulatory mechanisms, facilitate improved annotation of the genome, and provide insight into the potential effects of sequence polymorphisms on gene expression patterns. Moreover, improved understanding of cis-element clusters present in coordinately regulated gene groups may allow for the prediction of gene regulatory network behaviors during development, homeostasis, and disease. To exploit the potential power of conserved cis-element clusters to contribute to our understanding of eukaryotic gene regulation, it is critical to create database resources from multiple sequence analysis methods on the basis of both phylogenetic conservation and known binding-site matches that can be mined for patterns that correlate with experimentally gathered expression profile data. As shown by many transgenic analyses, promoter regions alone frequently are not able to direct in vivo gene expression patterns that correspond to that of their gene of origin, and regulatory regions may occur many kilobases upstream or downstream of a gene as well as within the introns. Moreover, observed in vivo gene regulatory patterns can also be the result of the interplay of multiple cisregulatory regions spread out over several hundreds of kilobases. Therefore, it is critical to substantially reduce the search space for functional cis-element clusters prior to wholegenome examination. We have therefore sought to do this in the context phylogeny and compositional similarity within a sequence window of 200 bp that is appropriate for local ciselement interactions.
Attempts to find putative TF-binding sites in regulatory DNA sequences began with a database of TF-binding-site sequences (Ghosh 1990 ) and a program developed to scan a DNA sequence against that database (Prestridge 1991) . Since then, several programs have been developed to analyze DNA sequences against TF-binding-site sequence databases.
Software tools that allow the recognition of individual TF-binding sites invariably give the user an unacceptably large list of putative TF-binding sites, irrespective of the methods or databanks used. In most cases, many of these may be false positive sites. This is most likely a result of attempting to recognize binding sites independently of their context (Trifonov 1996) . Functional context might include the presence of other binding sites, relative position and helical alignment to other binding sites (Fickett 1996) , DNA structural characteristics (Benham 1996; Karas et al. 1996) such as curvature (Shpigelman et al. 1993; Ponomarenko et al. 1997 ), or other local or distant sequence characteristics.
Seeking out phylogenetic footprints, the clusters of invariant or slowly changing positions in the aligned sequences of related but divergent organisms, has now become a standard approach to examine those DNA segments flanking and interrupting the coding regions. Phylogenetic footprints have been defined as noncoding sequence motifs that show 100% conservation in several species over a region of six or more contiguous base pairs (Gumucio et al. 1996) . Exploring and analyzing these footprints for regulatory elements has been fruitful. For instance, one of the first tissue-specific enhancers identified, the immunoglobulin enhancer, was at first distinguished as a highly conserved region within an intron (Emorine et al. 1983) . Further, analysis of noncoding regions with high percent identity has determined that they are also frequently conserved in other mammals and unique within the human genome, which are two common features of longrange regulatory elements. Hardison et al. (1997) and Oeltjen et al. (1997) have also shown this fact in their studies on BTK (Bruton's Tyrosine Kinase) and HBB (␤-Hemoglobin) loci, respectively.
Approaches that cluster together sites with some biologically intuitive connection between the predicted TF-binding sites and the function of the gene often reduce the output to a manageable size even though individual putative TFbinding sites are too abundant to analyze in full. This would also bring to the forefront reasonable hypotheses for testing. To test the significance of a given cluster of sites, one may calculate the probability of finding k number of sites within a space of x number of nucleotides, taking sequence heterogeneity into account (Wagner 1998 ).
Our present study was based on the postulate that highly conserved sequences are usually invariably involved in important functions. There has already been ample evidence to prove this (Gumucio et al. 1996; Hardison et al. 1997; Oeltjen et al. 1997; Brickner et al. 1999; Loots et al. 2000) .
TraFaC is a Web-based application for analysis and display of a pair of DNA sequences with an emphasis on the detection of conserved TF-binding sites. A number of programs are used to analyze the sequences and identify various genomic features (for example, exons, repeats, conserved regions, TF-binding sites). Repeat elements are masked out using RepeatMasker and the sequences are aligned using the PipMaker-BLASTZ algorithm (Schwartz et al. 2000) . MatInspector Professional (Quandt et al. 1995) or Match (BioBase) is run to scan the sequences for TF-binding sites. TraFaC then integrates analysis results from these applications and generates graphical outputs, the Regulogram and Trafacgram.
RESULTS

Accessing and Using TraFaC
TraFaC is accessed through a Web browser (http:// trafac.chmcc.org), which is the main page with links to log in and instructions. The basic version allows access and visualization of the data stored in the database. Registered users can upload and view the results for sequences relevant to their interest or can compare their sequences with the existing sequences in the database through an advanced menu. However, a fundamental problem with distributed user input is the issue of quality control of the input data.
Through the cis-element clusters within BLASTZ alignments link, users will be able to see the sequence alignment, conservation data, and the number of TF-binding sites, which we refer to as hits, occurring in the conserved regions. The user has the option of either seeing the results as an image/ (Figs. 1B, 3 ).
Known Regulatory Regions
To validate TraFaC analyses, we examined several genes with known experimentally demarcated regulatory regions. The genomic sequences were searched for shared binding sites in the phylogenetically conserved regions. Choosing the phylogenetic footprints alone reduced the total sequence space to be searched by ∼ 75% (Table 1) . Additionally, looking for binding sites within these footprints in a moving window of 200 bp further minimized the overall sequence data to be analyzed (Table 2) . A hit count was generated for each of these blocks of similar regions.
ADA
ADA is a key enzyme of purine catabolism that deaminates adenosine and deoxyadenosine. It is expressed at low levels ubiquitously, but at elevated levels in cortical thymocytes and the small bowel epithelial cells. Its deficiency in humans results in a failure to develop T-cells, causing severe combined immunodeficiency (SCID). Brickner et al. (1999) examined homology in noncoding regulatory regions of the human and murine ADA genes and correlated regions of homology with critical ADA T-cell regulatory regions in the first intron of the human ADA gene (Aronow et al. 1989 (Aronow et al. , 1992 . Recently, it has been shown that there are additional regions within the first and second introns of the human ADA gene that separately facilitate T-cell enhancer activation (Aronow et al. 1995) and control GI expression with both a duodenal enhancer and spatio-temporal modifiers of GI expression (Dusing et al. 2000) .
A BLASTZ sequence alignment of human and mouse ADA genomic sequences (with ∼ 4.0 kb upstream and >1.0 kb downstream) revealed 17 blocks with >50% sequence similarity (indicated as different color stretches on the Regulogram, extending from one genomic sequence to another). Within each of these sequence similarity regions, TraFaC identified the shared cis-elements. Relatively bigger peaks are seen in the promoter region and also in the first and second intronic regions. On analyzing the individual constituent TF-binding sites of these regions with peaks, we observed that they have those elements that were reported previously to be responsible for the regulation of ADA expression in T-cells (first intron) and duodenum (second intron) (Fig. 1A,B) . coding regions. The tallest peak corresponding to the shared cis-elements between human and mouse was observed in the minimal promoter region. Analysis of the minimal promoter region revealed conservation of consensus TF-binding sites for CREB, USF, PBX, and 2 CCAAT boxes (Harrison et al. 1997) . Interestingly, Harrison et al. (1997) reported that the mouse APEX lack the USF sites in the promoter, whereas TraFaC analyses revealed presence of USF sites in mouse APEX also.
XRCC1
Comparison of the upstream region of XRCC1 in human and baboon (∼ 1600 bp upstream), and mouse (∼ 1200 bp upstream) revealed a significantly conserved 220-bp region. When we analyzed this region for potential cis-elements, we found that whereas human and baboon share a cluster of TF-binding sites (MTF1, HEAT, STAT, and CREB), the human and mouse shared only a single binding site for SMAD3. Interestingly, within this region, mouse and baboon had two entirely different sets of TF-binding sites in common (NFKB and SP1F). Another relatively less-conserved segment revealed TF-binding sites RFX1, a transcriptional represso, and CREB, SP1, and NF. Yu et al. (2001) , in their study on splicing variant of ERCC1, another DNA repair gene, reported the presence of a binding site for RFX1 in a 42-bp segment in the human ERCC1 5Ј UTR region. Loss of this segment was associated with increased ERCC1 mRNA expression in ovarian cancer specimens.
ERCC2
A comparison of the human and mouse sequences (Lamerdin et al. 1996) revealed sequence conservation for only ∼ 200 bp upstream of the first exon. Analysis of this region did not reveal a strong conservation of TF-binding sites.
CD4
The comparison of human and mouse CD4 genes showed high-scoring matches within the noncoding part, especially the first intron. This region has been shown to harbor important regulatory elements, the enhancer and silencer regions (Siu et al. 1994; Sarafova and Siu 1999) . TraFaC revealed significant conserved TF-binding sites in both of these known regulatory regions shown as multiple peaks on the Regulogram.
Comparison of Orthologous Promoters, Enhancers, and Silencers
Known tissue-specific promoters (mainly from EPD; http:// www.epd.isb-sib.ch), enhancers, and silencers were analyzed with TraFaC. Comparison of human and mouse promoters usually revealed a very high rate of conservation with respect to the TF-binding sites. For instance, strong conservation of cis-elements was observed between IL2 promoters of human and mouse. A similar result was also seen when promoters of liver-specific genes (albumin, AFP) of human and mouse were compared. Significant representation of TF-binding sites was also frequently seen within intronic and downstream regions. For instance, the PAX6 gene in human, mouse, and fugu fish reveals strong sequence and TF-binding sites conservation in the seventh intronic region. These regions have been reported as being important regulatory regions for the development of the eye. Similarly, the fourth intronic region is also highly conserved.
All three upstream enhancers of the AFP gene could be identified as highly conserved, cis-element dense regions indicated by several peaks in the Regulogram image.
Sequence comparison of the human CD4 first intron with the CD4 silencer of African green monkey revealed highsequence similarity. This region, extending over ∼ 300 bp also showed conservation of TF-binding sites with that of the first intronic region of the mouse. However, upon further analysis, we observed that humans and primates both share consensus TF-binding sites for CDX2, STAT, and SEF1 in addition to HAML, ETSF, MYT, GATA, NFKB, and EVI, which are also found in the mouse CD4 silencer.
Tissue-Specific Genes: Shared Clusters of Cis-Elements
The promoter regions of liver-specific genes, albumin, ␣ fetoprotein, and transthyretin in mouse revealed common binding sites for the TFs HNF1, OCT1, GATA, CRBP, CLOX, and AREB. Albumin and AFP also shared additional consensus binding sites for PDX1, HNF4, HOXF, MYOF, and EVI1. 
Shared Regulatory Elements in Coordinately Expressed Gastrointestinal Genes
Using TraFaC, we compared 4-kb upstream regions of human FABP2 and CUBN genes, both of which have been shown to have an increased expression in the small intestine of mouse Examples of genes in which sequence search space was reduced 70% to 85%. ( Bates et al. 2002) . A segment of 300 bp, ∼ 1300 bp upstream of human FABP2 and CUBN genes, not only revealed a sequence similarity of >90%, but also strong conservation of ciselements, viz., SP1F, SREB, EBOR, PAX4, AREB, RORA, EBOX, LYMF, and IKRS.
Shared Regulatory Elements in Coordinately Expressed Brain Genes
Comparing the genes PRPH and GFRA3 both highly expressed in dorsal root ganglion (Orozco et al. 2001; J. Zhang et al., in prep.) , we observed that the proximal upstream regions of PRPH and GFRA3 genes share ETSF and NRSF transcription factor-binding sites. These results are in agreement with previous reports of implication of ETSF and NRSF site binding proteins in transcriptional regulation of PRPH (Chang et al. 1996) .
Shared Regulatory Elements in Genes Expressed in Intestines and Lungs
We used TraFaC to analyze the expression of the gene intelectin. This gene, normally expressed in intestinal epithelium, was expressed in lungs following an exposure to ragweed (J. Santeliz and W. Karp, unpubl.). When we compared the upstream regions of mouse ITLN with mouse CLCA3 (chloride channel, calcium activated, family member), we found that these two genes share TF-binding sites of HMYO, CDX2, MYT1, MEF, EVI1, and OCT1. We also compared the same region of mouse ITLN to the CLCA family members of human, namely, CLCA1, CLCA2, and CLCA3. They all revealed TFbinding sites for OCT1, HMYO, GATA, CDX2, and EVI1. We then proceeded to compare the ITLN gene with human SFTPA1 and SFTPA2, each of which has been reported to be expressed in the intestine, in addition to their role in local host defense and the regulation of inflammation in lung (Lin et al. 2001) . The downstream region of SFTPA1 and 3Ј-UTR of SFTPA2 shared TF-binding sites for CDX2, GATA, FKHD, and HOX.
Novel Regulatory Regions
An important use of TraFaC is in the identification of potential novel regulatory regions. Whereas any computationally identified regulatory region will require experimental validation, TraFaC analysis can serve as an excellent filter. The Regulogram feature facilitates searches for clusters of conserved cis-elements in phylogenetically conserved regions.
BMP7
The first intronic region of human and mouse BMP7 (Bone Morphogenetic Protein 7) genes is strikingly well conserved in at least nine segments. The first segment (∼ 6000 bp with an overall similarity of 65%) had several gapless local alignment regions (seven regions with >100 bp and a similarity ranging from 77% to 95%). Each of these phylogenetic footprints was a repository for clusters of binding sites with conserved order and extent (Fig. 2) . On the basis of the high sequence similarity and also highly conserved cis-element clusters, we hypothesize that these regions may have a role in modulating BMP7 expression.
CDKN1B
A comparison of the mouse promoter and 5Ј UTR of CDKN1B to its human counterpart revealed several regions of conserved noncoding segments. The promoter region had a sequence similarity of >90% and showed strong cis-element conservation. An additional conserved region was observed 3.5 kb upstream from the start site in mouse genes and ∼ 3 kb upstream in human genes. The 3Ј downstream region also exhibited strong sequence and cis-element conservation. There were two regions. The first one was ∼ 250 bp and 600 bp downstream of 3Ј, the second was much farther removed. Plaza et al. (1999) reported an upstream neuroretina-specific enhancer in the human PAX6 gene. Using TraFaC, we could identify another region of high-sequence conservation in the fourth intronic regions of human and mouse PAX6. When we analyzed this region, it showed strong conservation of TFbinding sites. In addition, apart from human and mouse, this region is also highly conserved phylogenetically among fugu and quail, and is also proven as a neuroretina-specific enhancer region in fugu, quail, and mouse. Hence, this region in human is most likely to be another important regulatory segment apart from the already-known upstream neuroretinaspecific enhancer in human PAX6 gene.
PAX6
Hemogen
Hemogen (Hemopoietic gene) in mouse is sequentially expressed in active hematopoietic sites and down-regulated in the process of blood cell differentiation. The human homolog is EDAG, which is also specifically expressed in hematopoietic cells. EDAG maps to chromosome 9q22, a region containing (Yang et al. 2001) .
We compared the immediate upstream regions (∼ 400-bp segment) of the mouse Hgn and human EDAG genes and observed high-sequence similarity. This region also revealed a strong conservation of consensus TF-binding sites. The shared cis-elements included MEF2, FKHD, MYOD, GATA1, AML1, CP2, ETS, AREB6, and EVI among others (Fig. 3) . It has been proven that the transcription factor CP2 is crucial in hemoglobin synthesis during erythroid terminal differentiation in vitro (Chae et al. 1999; Solis et al. 2001) . They also reported that the GATA1 and CP2 transcriptional-binding elements are functionally important for erythroid-specific heme biosynthesis. AML and ETS families of TFs are also shown to play roles in myeloid cell differentiation. AREB6 and EVI-1 are known to be haematopoietic transcriptional repressors (Turner and Crossley 1999) . The mouse hemogen showed a consensus-binding site for PU.1 (∼ 157 bp upstream of the transcriptional start site), an Ets family member, and is considered as one of the master TFs identified in regulating development of both granulocytes and monocytes (NagamuraInoue et al. 2001). We did not find this site in the human homolog, EDAG, in the immediate upstream region.
We also observed another region of conserved ciselements in the 3Ј region (∼ 470 bp downstream to the fourth and last exon of human EDAG and ∼ 1400 bp downstream to the fifth and last exon of mouse Hgn). The shared consensusbinding sites included STAT, GATA, EVI, NFAT, IRFF, STAT, GATA, and EVI have been shown to be functionally important in myeloid cell differentiation (Turner and Crossley 1999; Nagamura-Inoue et al. 2001; Solis et al. 2001) .
On the basis of these findings, and the strong conservation of cis-elements in this region between mouse and human, we hypothesize that these two regions might be involved in important regulatory functions.
DISCUSSION
Extraction of relevant biological information from the inundation of accumulating genomic sequence data is still a formidable challenge. This task is particularly arduous in the case of large genomes with large components of noncoding sequences, much of which may be functionless. The amount of experimental work that would be required to systematically analyze the noncoding sequences simply exceeds known research methodologies. Hence, there is a critical need for computational tools that identify potential regulatory regions with which researchers could focus their experiments. Any improvement in the prescreening process of regulatory region identification by sequence analysis is therefore highly desirable and welcome.
Phylogenetic comparison of homologous sequences has been the most promising approach for the identification of new unknown regulatory elements. There has been an increasingly convergent view on the organization of gene regulatory regions and also an emerging paradigm for their computational characterization. Bucher (1999) summarized it as follows: The elementary units of transcriptional regulatory regions are transcription factor-binding sites (Mitchell and Tjian 1989) ; control regions, such as promoters, enhancers, silencers, locus control regions, and so on, are modular; the regulatory output of a control region depends on the specific combination of its elements, as well as on the order and orientation in which they occur, and genes are typically controlled by several control regions located upstream or downstream from the transcription initiation site.
The TF-binding recognition sites are usually 6-8 nucleotides long, and limited variants of this short string will bind the protein with high affinity. However, Dembo et al. (1994) suggested that runs of 16 consecutive identical nucleotides could be expected to occur strictly by chance when comparing two 100-kb sequences. This raises the possibility that single isolated TF-binding sites will be lost in the background noise of spurious matches. Also, biological variation between two species can confound the approach on the basis of similarity and conservation. For instance, homologous human and murine TFs may have somewhat different specificity, and in some cases, humans may use a different set of TFs than mice to regulate a homologous gene in a different way. This search for conserved noncoding sequences is further complicated by the difference in patterns of evolution at various loci (Koop 1995) . Therefore, how can regulatory factors have gene-specific effects on the rate of transcription? The strongest answer lies in the fact that TFs never act in isolation (Courey 2001) , and transcriptional activity of any gene is governed by a combination of TFs acting in clusters of localized domains.
Known Regulatory Regions
Analysis of known regulatory regions proved that most of these regions lie in evolutionarily conserved regions. However, the sequence similarity alone is not always the right criterion to identify regulatory regions. For instance, the thymic enhancer region of the ADA gene is not a highly conserved region between human and mouse. However, this region is constitutionally similar with respect to the ciselements. Hence, when looking for regulatory regions, it is highly imperative to look in those regions that also do not have relatively high-sequence similarity. Therefore, we found it difficult to set a cut-off limit for similarity score. Nevertheless, the BLASTZ algorithm of PipMaker, which we used to align the genomic sequences, uses 50% as the cut-off limit. The hits or the shared cis-elements, therefore, are limited to those regions that have 50% or more over all local sequence similarity. The window size for calculating hits was set as a minimum of 200 bp.
Presently, a limiting factor for TraFaC is that it identifies known binding sites, basically the entries in the Transfac library. We have seen cases in which there was high-sequence conservation in the upstream promoter regions, but not significant conservation with respect to the cis-elements. Even though sequence similarity doesn't necessarily always have to be reflected in TF-binding sites conservation, we felt these regions might harbor sites that have not yet been discovered. A motif search among all such sites might be a useful exercise.
The DNA repair genes APEX, ERCC2, and XRCC1 revealed smaller regulatory regions and little conservation among human and mouse with respect to cis-elements. A probable explanation for this phenomenon is that the excision repair genes may be expressed at about the same level in all cells, given the universal need for excision repair of the DNA. Thus, these genes may be under relatively simple control manifested in the TraFaC comparative analysis as a limited number of conserved cis-regulatory elements. Analyzing regulatory regions of genes with similar function would help in laying groundwork in determining potential roles for positive or negative, synergistic or antagonistic regulatory elements in various physiological functions like cell cycle control, DNA repair pathways, etc.
Coordinately Expressed Genes: Common TF-Binding Sites
Following the advent of DNA microarray technology, which can measure mRNA expression levels of different genes, obtaining clusters of similarly expressed genes has become relatively less cumbersome. Such genes with a similar expression profile may be assumed to result, at least partly, because of similar transcription machinery. In other words, upstream promoter regions of these genes might contain the binding sites for the same TFs. As is known, in most cases, TFs do not function in isolation, but rather as organized functional groups called modules (Yuh et al. 1998; Werner 1999 ) and regulate transcription as synergistic or antagonistic pairs (Fickett 1996; Aronone and Davidson 1997; Yuh et al. 1998) . Prior reports indicate that the combined presence of a set of TF-binding sites is strong evidence for similar gene regulation. Kel et al. (1999) showed this in their study on activated Tcells. Michelson (2002) opined that a more efficient approach to the identification of coexpressed genes and their associated regulatory elements would accelerate the field of identification of regulatory regions greatly.
Even though the results for yeast have been promising in linking the gene expression data to regulatory segments in the genomic sequences, it remains one of the great challenges while analyzing the mammalian expression data. Iyer et al. (2001) , following the array of noncoding DNA of yeast, identified the genes regulated by the cell cycle TFs, SBF, and MBF. Ren et al. (2000) reported similar results for Gal4 and Ste12. Similarly, Livesey et al. (2000) have identified the response element configuration and genes responsive to the mouse homeobox gene Crx (cone-rod homeobox).
Tissue-Specific Genes: Common TF-Binding Sites
The unique expression of genes appears more tissue specific than the transcription factors that regulate them. Earlier studies (Cordle et al. 1991) led to the concept that many regulatory modules contain cis-acting regions that repress transcription in nonexpressing cells. What is yet to be understood is whether these effects represent repressors or are due to incompatible TF interactions. Subtle differences in abundance or timing, absence of one critical factor, or addition of one new factor could redirect a regulatory module. Finally, there may be a higher level of cell-specific chromosome mechanism regulating the accessibility of genes to transcription machinery. We also observed that high-scoring regions frequently showed cis-element shuffling, particularly in nonorthologous genes with similar expression profiles. This was evident in the comparison, interspecies and intraspecies, between liverspecific genes like AFP, TAT, and albumin, and in between IL3, IL4, and IL5.
Novel Regulatory Regions
The regulatory regions in higher multicellular organisms may occur upstream or downstream of a gene or even within the introns; sometimes they are also spread out over several hundreds of kilobases. Hence, in investigations of regulatory regions, any approach that substantially reduces the size of the sequence space to be searched can be very valuable. Searching for regulatory regions in phylogenetic footprints using TraFaC reduces the sequence space to be searched by ∼ 75% (Table 1) . The various software tools that allow the recognition of individual TF-binding sites invariably give the user an unacceptably large list of putative TF-binding sites, irrespective of the methods or databanks used. In most cases, many of these may be false positive sites. This is most likely a result of attempting to recognize binding sites independently of their context. However, when the occurrence of ciselements in conserved regions alone was taken into account, there was a considerable reduction in the overall number of cis-elements (75%-90%, Table 2 ). When additional parameters, such as the presence of other binding sites, window size of 200 bp, and relative position and spread of each element was taken account, the data to be analyzed became easily manageable.
In hypothesizing regions of highly conserved cis-element clusters as novel regulatory regions, we took into account the following three criteria: sequence similarity, cis-element conservation (order and extent -a 200-bp window was set as minimum), and the individual constituent TF-binding siteswhether these are reported previously to be involved in regulation of other genes belonging to the same family or genes having the same function.
CisMols
We are in the process of identifying and storing clusters of cis-elements, which we refer to as CisMols (Cis regulatory modules), pertaining to a defined set of genes. The classifying criteria can be a gene expression pattern (coordinately expressed genes), gene ontology functionalities, a phenotype, or simply a tissue specificity.
CONCLUSION
The need for computational tools that identify potential regulatory elements with which researchers could focus their experiments is of paramount importance. In the present study, an attempt has been made to identify conserved cis-elements/ TF-binding sites by adopting a comparative genomic analysis of human and murine DNA sequences. Phylogenetically conserved noncoding regions tend to be good indicators of regions of gene regulatory functions (ADA, APEX, XRCC1, ERCC2, CD4, and several other orthologous promoters from the EPD database). However, small introns and high conservation at the protein level diminish the power of noncoding region sequence homology. We also observed that combinations of TF-binding sites in the same relative order and distance can be reliable indicators of potential novel regulatory regions. This was further strengthened when we analyzed the individual cis-elements making up these shared clusters. These shared elements were either implicated previously to be involved in similar function in other annotated genes or were similar to the other members of these gene families or groups (first intron of BMP7, upstream and downstream regions of CDKN1B, PAX6, Hemogen). Genes with coordinate expression frequently tend to share similar TF-binding sites. This was apparent when we analyzed genes with a coordinate expression in the gastrointestinal tract (FABP2 and CUBN) , dorsal root ganglion of brain (PRPH and GFRA3), and intestine and lungs (ITLN and CLCA3) .
The search for clusters of cis-regulatory elements in sequence databases is still a difficult task. TraFaC programs can help reduce the signal-to-noise ratio considerably, especially when comparing genomic orthologs, because by looking for conserved cis-elements in the context of sequence similarity, the overall sequence space to be searched for the identification of the regulatory keys is reduced considerably. However, an added advantage is that it also aids in identifying consti-tutionally similar cis-element clusters in the absence of sequence similarity. Finally, even though TraFaC and other software with similar functionality can be used for identifying potential novel regulatory regions, the challenge remains, however, in the transfer of useful biological knowledge to these regions. Computational methods only provide useful suggestions of regulatory regions and functions, however, only a biologist can truly assign function to a regulatory region by use of these results, and the ultimate confirmation of these assignments must be based on experimental evidence.
METHODS
Complete genomic sequences were extracted from the GenBank (GenBank http://www.ncbi.nlm.nih.gov) and Celera human and mouse databases (Celera http://www.celera.com). The repeat elements were masked using the RepeatMasker p r o g r a m ( h t t p : / / f t p . g e n o m e . w a s h i n g t o n . e d u / R M / RepeatMasker.html; Smit and Green 1999) prior to computational alignment of the two genomic sequences using Advanced PipMaker (http://bio.cse.psu.edu). PipMaker's BLASTZ computes local alignments using dynamic programming. These alignments are then post-processed by a tool that arranges for each nucleotide in human to map to, at most, one nucleotide in mouse, possibly by dividing the original BLASTZ alignments into several smaller ones. Every local alignment is a series of gap-free alignments and gaps. The positions of gap-free portions of alignments are plotted with respect to the human sequence along the x-axis, and the percent identity is plotted along the y-axis (from 50% to 100%). The programs Match (http://www.biobase.de) or MatInspector Professional Version 4.3, 2000 (http://www. genomatix.de) were used to locate putative TF-binding sites in a DNA sequence. Both of these programs utilize the TRANSFAC database (TRANSFAC is the database on eukaryotic TFs, their genomic binding sites, and DNA-binding profiles; Wingender et al. 2000 ; http://transfac.gbf.de) to identify matches in DNA sequences. The output consists of a table indicating a list of putative binding sites.
Thus, for a set of orthologous genes, the following files were obtained and saved to upload to TraFaC, sequence files in Fasta format; Exons file; RepeatMasker output file; BLASTZ, concise and PIP (pdf file) output files from PipMaker; list of putative binding sites for both the sequences (output from MatInspector/Match).
Basic User Version
Unregistered users can only access the data available. There are two approaches to visualize the data. The approach depends on the purpose of analysis, viz., to compare a homologous pair of genes or just compare any gene with any other gene (heterologous genes) or a known regulatory sequence like promoters or enhancers in the TraFaC database.
Through the cis-element clusters within BLASTZ alignments' link, users will be able to see the sequence alignment, conservation data, and the number of TF-binding sites, which we refer to as hits, occurring in the conserved regions. The user has the option of seeing either the results as an image/ table or a graph (Regulogram).
For comparing unrelated heterologous or coexpressed genes or genes, which do not have an ortholog available yet, the cis-elements shared between any gene pairs' link should be opted.
Advanced User Version
Registered users have the privilege of uploading sequences relevant to their interest and can compare their data with other genes in the database. The user is required to submit the following input files. Again, the number or type of input files to be submitted here depends on the purpose TraFaC is intended to be used for. To visualize a complete picture of sequence similarity with TF homologies and exon annotations, the following files have to be submitted. The BLASTZ alignment file and the alignment summary file from the PipMaker. These files are referred to as text and concise files in the output of PipMaker. A list of TF-binding sites for each of the sequences. The programs MatInspector or Match can be used to generate this file. The sequence file in a FASTA format, the Exons file, and the RepeatMask file are optional. The instructions page on the Web site provides a more detailed description.
